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(57)Abstract 

PURPOSE: To obtain a film adhesive, composed of a specific polyimide resin, bondable at low temperatures in a 
short time, excellent in heat resistance, bonding operation efficiency, dimensional accuracy and reliability and useful 
as a semiconductor packaging materials, etc. 

CONSTITUTION: The film adhesive is composed of a polyimide resin, obtained by reacting (A) an acid component 
composed of (a) mol ethylene glycol bistrimellitic dianhydride and (b) mol other tetracarboxylic dianhydrides with 
(B) an amine component composed of (c) mol ct,co-bis(3-aminopropyl) polydimethylsiloxane, (d) mol 1,3-bis-(3- 
aminophenoxy)benzene and (e) mol other diamines at ratios of >0.6{(a)/[(a)+(b)]}, 0.05<{(c)/[(c)+(d)+(e)]]<0.6, 0.6< 
{[(c)+(d)]/[(c)+(d)+(e)]} and 0. 900 <{[(a)+(b)]/[(c)+(d)+(e)]}< 1.06 and carrying out the imide cyclization and having < 
350° C glass transition temperature. Furthermore, this adhesive is applied to one or both surfaces of a heat- 
resistant film substrate to afford the film adhesive. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] b mols of tetracarboxylic dianhydride of a mols of ethylene glycol bis-trim e I litic acid 2 anhydrides and 
others, [ component / acid ] An amine component alpha, c mols of omega-screw (3-aminopropyl) poly 
dimethylsiloxane, 1, d mols of 3-screw (3-amino phenoxy) benzene, It consists of e mols of other diamines. a/(a+b) 
>= 0.6, 0.05 <=c/(c+d+e) <= 0.6, and 0.6 <=(c+d)/(c+d+e), and — 0.900 <=(a+b)/(c+d+e)<= 1.06 Film adhesive with 
which the glass transition temperature which both components were made to react and carries out an imide ring 
closure at a rate consists of polyimide resin 350 degrees C or less. 

[Claim 2] Film adhesive with which the adhesives of claim 1 were given to one side or both sides of a heat-resistant 
film base material. 

[Claim 3] Film adhesive of claim 2 whose heat-resistant film base material is the polyimide film whose glass 
transition temperature is 350 degrees C or more. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is excellent in the adhesive strength to the silicon substrate metallurgy group 
for which it was suitable as the electronics application excellent in thermal resistance, especially a semi-conductor 
mounting ingredient, and relates to the film adhesive which can be pasted up in a low-temperature short time. 

[0002] .... 
[Description of the Prior Art] While a semiconductor chip is enlarged by highly efficient large capacity-ization in 
recent years, it is required that the magnitude of a component should maintain the appearance which is not different 
from the former from the demand of an electronic equipment miniaturization. Some new mounting methods 
corresponding to the densification and high density assembly of this semiconductor chip are proposed. There are 
two structures of LOC (lead-on chip) which carries a lead after COL (chip-on lead) and the chip which carry a chip 
on the leadframe which does not have a die pad in this new mounting method. Although a chip area is too large and 
it becomes impossible to secure the area of an inner lead by the conventional method, by these methods, a 
semiconductor chip and a leadframe can be pasted up by the double faced adhesive tape, and it can dedicate to the 
package of the same appearance as the former in spite of increase of the chip area by large-capacity-izing. 
Furthermore, advantages, such as wiring in a chip, rationalization of wire bonding, and signal improvement in the 
speed by wiring compaction, can also be mentioned. 

[0003] In the semiconductor device of COL and LOC structure, the semiconductor chip and the leadframe are being 
fixed by adhesives. When thermal stress, such as the time of that an interface does not exfoliate in these adhesives 
at the time of moisture absorption and reflow solder and a temperature cycle, is received, the adhesive strength 
excellent in an interface not exfoliating etc. is required. Moreover, it is not desirable from polluting work 
environment, a lead, etc. that there are many volatile components at the time of heating adhesion, when mass- 
production nature is furthermore considered, adhesion is possible in a short time as much as possible — a certain 
thing is desired. Conventionally, what applied adhesives to paste-like adhesives and a heat-resistant base material 
is used for these applications. Although the heat-curing mold resin of an epoxy resin system, an acrylic resin 
system, and a rubber-phenol resin system is used as adhesives, heat hardening with many ionicity impurities takes 
elevated-temperature long duration, and the ingredient which cannot say easily that is filling the above-mentioned 
demand — hygroscopicity with much volatile matter at the time of heat hardening with bad productivity is high — 
and can be satisfied is not found. 

[0004] On the other hand about the film adhesive in which heat-resistant thermocompression bonding is possible, 
some are known, for example, the description about thermosetting polyimide system film adhesive according to the 
hot melt adhesive of a polyamidoimide system or a polyamide system in JP.1-282283.A is made by the 
manufacturing method, JP.62-235382A JP.62-235383.A, and JP.2-15663.A of the flexible printed circuit board 
according to polyimide system adhesives in JP.58-1571 90,A. However, a polyamide system and polyamidoimide 
system resin have the fault that water absorption benefits the hydrophilic property of an amide group large, and 
there was a limitation in using for the adhesives as an electronics application which needs dependability. Moreover, 
thermosetting polyimide system film adhesive was not able to say thermocompression bonding conditions with thing 
sufficient as sharp electronic parts and film adhesive of the application for which mass-production nature is needed 
for heat, the effect of a pressure and water, etc. — are for [ 275 degrees-C and 50 kgf/cm ] 2 or 30 minutes, or it 
is required to stiffen the thing of a semi-hardening condition at an elevated temperature for a long time, and 
condensation water is generated at the time of hardening. Development of the high-reliability adhesives which fitted 
a new mounting gestalt by such reason is called for. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention reaches [ that the film adhesive using the polyimide resin 
of specific structure solves the above-mentioned technical problem, and ] a header and this invention, as a result of 
repeating research wholeheartedly in order to obtain th film adhesive excellent in the thermal resistance which can 
be pasted up in a low-temperature short time. 

[0006] . . 

[Means for Solving the Problem] b mols of tetracarboxylic dianhydride of a mols of ethylene glycol bis-tnmellitic 
acid 2 anhydrides and others, [ this invention ] [ component / acid ] An amine component alpha, c mols of omega- 
screw (3-aminopropyl) poly dimethylsiloxane, 1, d mols of 3 -screw (3-amino phenoxy) benzene, It consists of e mols 
of other diamines. a/(a+b) >= 0.6, 0.05 <=c/(c+d+e) <= 0.6. and 0.6 <=(c+d)/(c+d+e), and — 0.900 <=(a+b)/(c+d+e) 
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<=1.06 It is the film adhesive with which the glass transition temperature which both components were made to 
react and carries out an imide ring closure at a rat consists of polyimide resin 350 degrees C or less. 
[0007] In this invention, formula (2), 1, and 3-screw (3-amino phenoxy) benzene (it omits Following APB) is 
expressed [ ethylene glycol bisHximellitic acid 2 anhydride (it omits Following EGTA) used for obtaining the 
polyimide resin which forms adhesives ] with a formula (3) for a formula (1), alpha, and omega-screw (3-ammopropyl) 
poly dimethylsiloxane (it omits Following APPS). 
[0008] 
[Formula 1] 
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[0009] As other tetracarboxylic dianhydride which can be used by this invention For example, 3, 3\ 4, 4-biphenyl 
tetracarboxylic dianhydride (BPDA), 3, 3', 4, 4-benzophenone tetracarboxylic dianhydride (BTDA), Tetracarboxylic 
dianhydride, such as 1, 2. 4, 5-benzene tetracarboxylic dianhydride, 2. and 2-screw (4-(3, 4-dicarboxy phenyl) 
phenyl) propane 2 anhydride, Furthermore, dicarboxylic acid anhydrides, such as phthalic anhydride (PA), can be 
raised as a molecular-weight modifier. 

[0010] As other diamines which can be used by this invention, for example 1, 4-screw (3-amino phenoxy) benzene, 
1, 3-screw (4-amino phenoxy) benzene, 2, and 2-screw (4-(4-amino phenoxy) phenyl) propane (BAPP), - diamino 
diphenyl ether (4 and 4-DDE), and 4 and 4 "3, 3-diamino diphenyl ether, 3. - diamino diphenyl ether, and 4 '4, 4- 
diamino diphenyl sulfone (4 and 4-DDS), 3 and 3-diamino diphenyl sulfone, 2, and 2-bis— 4-aminophenyl 
hexafluoropropane (BAPF), 2 and 2-bis— 4-amino phenoxyphenyl hexafluoropropane (BAPPF), Bis— 4-(4-ammo 
phenoxy) phenyl sulfone (BAPS), Bis— 4-(3-amino phenoxy) phenyl sulfone (BAPSM), Diamines, such as - diamino 
benzanilide, m-phenylenediamine, p-phenylene diamine, and 4 and 4 '4, 4 -diamino diphenylmethane, 2, and 4- 
diaminotoluene, can be raised. 

[0011] In this invention, EGTA which is the indispensable component of tetracarboxylic acid each mole ratio of a 
tetracarboxylic acid component and a diamine component APPS which is the indispensable component of a/(a+b) >- 
0.6 and diamine 0.05 <=c/(c+d+e) <= 0.6 and APB 0.6 <=(c+d)/(c+d+e)<= 0.9 It must be in the range. When there is 
no mole ratio in the above-mentioned range, thermal resistance is remarkably inferior, or it is not desirable that the 
solubility over an organic solvent with a very high glass transition temperature and bad adhesion workability falls etc. 
When there is less EGTA which is especially an indispensable component than 60-mol% of an acid component, the 
glass transition temperature of the polyimide resin obtained becomes high, and adhesion workability comes to be 
remarkably inferior. When APPS exceeds 60-mol %, shortly, glass transition temperature becomes low conversely 
and thermal resistance comes to be remarkably inferior. Moreover, after imide-izing, it is inferior, and a not desirable 
phenomenon becomes remarkable and, less than [ 5 mol % ], solvent power [ as opposed to an organic solvent in 
APPS ] is not suitable for the purpose of this invention. The value of n in a formula (2) APPS used by this invention 
6-10, and average molecular weight 600-1000 The thing in the range is desirable from glass transition temperature, 
an adhesive property, and a heat-resistant point. 

[0012] The mole ratio of the acid component in a polycondensation reaction and an amine component is an 
important factor which determines the molecular weight of the polyimide obtained. It is known well that correlation is 
between the molecular weight of a polymer, physical properties especially number average molecular weight, and a 
mechanical property, and the mechanical property is excellent, so that number average molecular weight is large. 
Therefore, in order to obtain the reinforcement which was excellent practical as adhesives, it is required to be the 
amount of macromolecules to some extent At this invention, the equivalent ratio r of a tetracarboxylic acid 
component and a diamine component is 0.900 <=(a+b)/(c+d+e)<= 1.06. It must be in the range. Since molecular 
weight becomes it is low and weak, adhesive strength and thermal resistance are inferior and unsuitable at 0.900 or 
less. Moreover, if there is an acid superfluously, an unreacted carboxylic acid becomes [ carry out a decarboxylation 
at the time of heating, and ] the cause of the generation of gas and foaming and is not desirable. For this reason, 
there must be an acid amine mole ratio in the above-mentioned range. 

[0013] The reaction of tetracarboxylic dianhydride and diamine is performed by the well-known approach in an 
aprotic polar solvent. Aprotic polar solvents are N.N-dimethylformamide (DMF), N,N-dimethylacetamide (DMAC), a 
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N-methyl-2-pyrrolidone (NMP), a tetrahydrofuran (THF), a jig lime, a cyclohexanone, 1,4-dioxane, etc. On kind of 
aprotic polar solvent may be used, and two or more kinds may be mixed and it may be used. At this time, the above- 
mentioned aprotic polar solvent and a nonpolar solvent with compatibility may be mixed and used. Aromatic 
hydrocarbon, such as toluene, a xylene, and solvent naphtha, is used well. As for the rate of the nonpolar solvent in 
a mixed solvent, it is desirable that it is 30 or less % of the weight This is because the solvent power of a solvent 
declines [ a nonpolar solvent ] at 30 % of th weight or more and polyamic acid deposits. [0014] It dissolv s in the 
solvent which carried out dehydration purification of the diamine component dried well, and 98% of rates of a ring 
closure, the reaction of tetracarboxylic dianhydride and diamine adds more preferably 99% or more of tetracarboxylic 
dianhydride dried well to this, and advances a reaction to it. 

[0015] Thus, it continues, and in an organic solvent, heating cyclodehydration is carried out, the obtained polyamic 
acid solution is imide-ized, and it is made polyimide. In order that the water produced by the imide-ized reaction 
may block a ring closure reaction, water and an incompatible organic solvent are added into a system, and it carries 
out azeotropy, and is discharged out of a system using equipments, such as Dean Stark (Dean-Stark) tubing. 
Although dichlorobenzene is known as water and an incompatible organic solvent, since there is a possibility that a 
chlorine component may mix as an object for electronics, said aromatic hydrocarbon is used preferably. Moreover, 
using compounds, such as beta-picoline and a pyridine, as a catalyst of an imide-ized reaction does not bar. 
[0016] In this invention, 98% or more of rate of imide-izing is wanted for imide-ization to take place with the heat at 
the time of adhesion, if an imide ring closure is so good that extent is high and the rate of imide-izing is low. to 
generate water, and to be more preferably attained 95% or more, since it is not desirable. 

[0017] Although the obtained polyimide solution may be used as it is in this invention, it is desirable to throw in this 
polyimide solution in a poor solvent, to carry out the re precipitation deposit of the polyimide resin, and to remove 
and refine an unreacted monomer. The polyimide resin filtered [ was refined and ] and dried dissolves in an organic 
solvent again, and let it be a varnish, the solvent used at this time — a reaction solvent — being the same . 
Moreover, the workability of a spreading desiccation process is considered and the thing with the low boiling point 
for which the boiling point chooses a solvent 200 degrees C or less preferably is also desirable. As a solvent 200 
degrees C or less, by this invention, it considers as ketones, and 1,4-dioxane, a tetrahydrofuran, and a jig lime can 
be mentioned as an ethers solvent, and N.N-dimethylformamide and N,N-dimethylacetamide can be mentioned for 
an acetone, a methyl ethyl ketone, methyl isobutyl ketone, cyclopentanone, and a cyclohexanone as an amide series 
solvent. These solvents may be used independently, and can also mix and use two or more sorts. 
[0018] On a polyimide resin varnish, various additives, such as a lubricating agent for taking out surface smooth 
nature, a leveling agent, and a defoaming agent, can be added if needed. Moreover, in order to adjust the vapor rate 
of a solvent, an aromatic hydrocarbons solvent can also be used in the range dissolved in homogeneity. 
[0019] In this invention, in order to use polyimide resin as film adhesive Usually, it casts or applies and a polyimide 
resin solution (varnish) can be obtained. On mold release sheets, such as a roll metallurgy group sheet and a 
polyester sheet, for example, a flow coater, It can exfoliate after heating / desiccation, and a film is made to form by 
a roll coater etc.. a film layer can be made to be able to consider as film adhesive or to be able to form like the one 
side or both sides, using a heat-resistant film base material as a base material, and it can obtain by considering as 
film adhesive with a base material etc. 

[0020] The heat-resistant film base material used in this invention is desirable at the point that that the polyimide 
resin film excels [ coefficient of thermal expansion ] in the dimensional stability over a temperature change small, it 
being rich in flexibility and being easy to deal with it, and the adhesion force with the adhesion resin of this invention 
are excellent. Especially polyimide resin 350 degrees C or more is excellent in glass transition temperature in 
respect of the workability in the process which carries out spreading desiccation of the polyimide resin varnish 
which is the engine performance and glue line as film adhesive, and stability. 

[0021] The spreading desiccation to the base material film of an adhesion varnish can use the equipment which 
combined the hot-air-drying furnace, the flow coater, and the roll coater. It dries that it is also at sufficient 
temperature and airflow to lead a polyimide resin varnish to a hot-air-drying furnace after coating, and vaporize the 
solvent of a polyimide resin varnish. 

[0022] Although especially the operation of the film adhesive of this invention is not limited, it can use as adhesive 
tape carrying out thermocompression bonding and pasting up with the heat block cut and heated in the 
predetermined configuration, etc. 
[0023] 

[Function] Film adhesive of this invention is characterized by applying to a heat-resistant film base material the 
polyimide resin imide-ized completely [ meltable specific structure ] by the organic solvent of a low-boiling point, 
and being obtained. The polyimide resin of a glue line can double being imide-ized using the solvent of a low-boiling 
point, and can lose the generating gas at the time of heating nearly completely while it can attain very low ionicity 
impurity level by carrying out reprecipitation purification. 

[0024] Moreover, in spite of excelling in thermal resistance, compared with the heat-curing mold adhesives 

accompanied by a chemical reaction, it can paste up in a short time extremely at low temperature, and dimensional 

accuracy of adhesion workability and jointing can be made into the outstanding thing by processing it in the shape of 

a tape. Although an example explains this invention to a detail below, it is not limited to these examples. 

[0025] 

[Example] 

(Example 1) NMP1260g which carried out dehydration purification is put into the four-lot flask equipped with 
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desiccation nitrogen gas installation tubing, the condensator, the thermometer, and the agitator, and nitrogen gas is 
violently stirred for 10 minutes with a sink. Next, APB 58.47g (0.200 mols) and APPS 116.00g (average molecular 
weight of 870 or 0.133 mols) are supplied, and it stirs until it heats a system at 60 degrees C and becomes 
homogeneity. The system was cooled at 5 degrees C by the iced water bath after dissolving in homogeneity, and it 
added, having bet EGTA 149.20g (0.364 mols) for 15 minutes with the shape of powder, and churning was continued 
after that for 3 hours. The flask was kept at 5 degrees C in the meantime. 

[0026] Then, nitrogen gas installation tubing and a condensator were removed, the flask was equipped with Dean 
Stark tubing which filled the xylene, and xylene 140g was added in the system. It replaced with the oil bath and the 
water which heats a system at 200 degrees C and is generated was removed out of the system. When it heats for 4 
hours, generating of the water from a system is no longer accepted. This reaction solution was thrown in in a lot of 
methanols after cooling, and polyimide resin was deposited. Reduced pressure drying was carried out at 80 degrees 
C after filtering solid content for 12 hours, and the solvent was removed. Although the 5.6-micrometer absorption 
originating in annular imide association was accepted when the infrared absorption spectrum was measured with the 
KBr briquette method, the 6.06-micrometer absorption originating in amide association could not be accepted, but 
having imide-ized this resin 100% was confirmed. Thus, 325.52g (93% of yield) of obtained polyimide resin was 
dissolved in a cyclohexanone/toluene (90/10 w/w%), and the polyimide resin varnish of 30% of solid content was 
prepared. 

[0027] This polyimide resin varnish was applied to the polyimide film (YUPI REXX S, Ube Industries, Ltd. make) with 
a thickness of 50 micrometers, and stoving was carried out at 200 degrees C by 120 degrees C with the hot blast 
circulation type dryer for 1 hour for 0.5 hours. It was 20 micrometers, when the thickness of the film after cooling 
was measured and the thickness of a glue line was calculated. The adhesion side of the obtained film did not show 
adhesiveness at all at a room temperature, but was a tuck free-lancer. 

[0028] It pasted up with the heat press which has the heat block made from phosphor bronze in the field which has 
the metallic luster which has not carried out black processing of 35-micrometer electrolytic copper foil in this film 
adhesive, and the test piece was produced. Thermocompression bonding of the adhesion conditions was carried out 
for 210-degree-C 2 seconds, and they were annealed for 30 seconds at 210 degrees C after opening **. The 
pressure concerning an adhesion side was 4kg/cm2 as a result of the count from gage pressure and adhesion area. 
The 180-degree Peel reinforcement of this test piece was 1.81 kgf/cm. Moreover, the 180-degree Peel 
reinforcement after 168-hour processing is 1.46 kgf/cm under 85-degree-C85% of environment, and the adhesive 
strength which was excellent to copper was shown. The adhesion resin layer carried out cohesive failure of the 
fracture surface, and foaming was not accepted at all. Moreover, it turned out that the adhesive strength which was 
excellent also to the polyimide film of a base material is shown. Results including other engine performance are 
shown in the 1st table, the acid at this time, and the moie ratio of an amine — respectively — a/(a+b) = — 1, c/ 
(c+d+e) = 0.45, and (c+d)/(c+d+e)=1 it is . 

[0029] (Examples 2-4) By the same approach as an example 1, the polyimide resin varnish was prepared at the acid, 
the class of amine component, and rate which were shown in the 1st table, it applied to the polyimide film, and film 
adhesive was created. These engine performance is shown in the 1st table. 
[0030] 
[Table 1] 
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[0031] (Example 5) The polyimide resin varnish obtained in the example 1 was applied to biaxial-stretching polyester 
film, and stoving was carried out at 200 degrees C by 120 degrees C for 1 hour for 30 minutes. After cooling, 
polyester film was exfoliated and film adhesive was obtained. This film showed the adhesive strength which was 
excellent to copper foil, and was very effective in adhesion of a semiconductor chip and a leadframe. 
[0032] (Example 1 of a comparison) Although polyamic acid was prepared, and it heated further and being imide-ized 
completely like the example 1 from APB 58.47g (0.200 mols), and APPS 1 1 6g (0.133 mols), 1, 2, and 4, and 42.75g 
(0.196 mols) of 5-benzene tetracarboxylic dianhydride and EGTA 40.54g (0.131 mols), solid content was not able to 
deposit as the reaction progressed and the polyimide resin varnish of fusibility was not able to be obtained, the acid 
at this time, and the mole ratio of an amine — respectively — a/(a+b) = 0.5 and c/(c+d+e) = — 0.4 and (c+d)/ 
(c+d+e)= 0.4 it is . 

[0033] (Example 2 of a comparison) Like the example 1, from APB 58.47g (0.200 mols), BAPSM 86.50g (0.200 mols) 
and EGTA 72.96g (0.235 mols), and BPDA 46.1 3g (0.157 mols), polyamic acid was prepared, and it heated further and 
imide-ized. Although it was going to dissolve in the cyclohexanone after re precipitation purification, it did not 
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dissolve, but it dissolved in NMP. Although this was applied to the polyimide film like the example 1, desiccation 
conditions were made into 300-degre -C 0.5 hours for 250-degree-C 1 hour for 120-degree-C 1 hour. In the 
adhesive evaluation to copper, although stuck by pressure in 210-degree-C 70 seconds, the Peel reinforcement was 
0.04 kgf/cm. The acid at this time and the mole ratio of an amine are each. It is a/(a+b) =0.6, c/(c+d+e) =0, and 
(c+d)/(c+d+e)=0.5. 

[0034] (Example 3 of a comparison) Like the example 1. from APB 58.47g (0.200 mols), APPS 58.00g (0.067 mols) 
and EGTA 32.43g (0.105 mols), and BTDA 50.53g (0.157 mols), polyamic acid was prepared, and it heated further and 
imide-ized. It dissolved after [ DMF ] re precipitation purification. Although this was applied to the polyimide film like 
the example 1, desiccation conditions were made into 250-degree-C 1.5 hours for 120-degree-C 1 hour. In the 
adhesive evaluation to copper, although stuck by pressure in 210-degree-C 70 seconds, the Peel reinforcement was 
0.12 kgf/cm. The acid at this time and the mole ratio of an amine are each. It is a/(a+b) =0.4, c/(c+d+e) =0.25, and 
(c+d)/(c+d+e)=1. 

[0035] When the mole ratio of tetracarboxylic dianhydride and diamine separates from the range of this invention 
compared with an example, it turns out that the solubility of polyimide resin and adhesive strength decline 
remarkably. 
[0036] 

[Effect of the Invention] According to this invention, it is possible to offer film adhesive with the high dependability 
which reconciled thermal resistance and adhesion workability. It can paste up in a low-temperature short time, 
although the copper which is especially easy to oxidize is used as a leadframe, a front face is not oxidized, it can be 
pasted, and utility value is very high industrially as a semi-conductor mounting ingredient 
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